With the realization of the limitations to top-down and bottom-up watershed management approaches in addressing issues associated with urbanization, a conceptual framework for a hybrid approach that tries to effectively integrate the advantages of the two approaches while overcoming their respective limitations, grass root watershed management model (GWAM), was proposed and presented. This paper presents the details of implementation and validation of GWAM at Shawsheen River watershed in Massachusetts, USA. An investigation on the major components of GWAM, a common platform to conduct the management, a partnership of two major stakeholder groups from government and non-governmental organizations, and a facilitation mechanisms were carried out in detail to gain the needed understanding on structure, process and function of a successful GWAM. Also the decision making process in addressing three major urban watershed issues; flooding, habitat and aquatic life impairment, and bacterial impairment, were examined through a set of cyclic steps. Based on the lessons learned, GWAM was enhanced as a general hybrid model. The most important challenge in sustaining GWAM was to keep differently motivated stakeholders together. As revealed in the Shawsheen watershed, science should play a key role in keeping differently motivated stakeholders together by providing needed facts, understandings, data, and knowledge. When scientifically sound solutions are vetted through a process of public involvement that supports appropriate regulatory actions, the most effective environmental decisions can be made.
Introduction
Urban areas all over the world are growing at unprecedented rates, creating extensive urban landscapes. Natural lands, such as forest, wetlands, shrubs and bushes, have been converted to buildings, roads, parking lots, and urban turf lands. The urbanization process exerts negative multidisciplinary impacts on the integrity of natural watershed conditions. These impacts are best analyzed and addressed with local inputs, as many of these are site specific and require consistent local monitoring along with appropriate policies and regulations from conventional governance in an interdisciplinary platform. It requires a collaborated, committed, and continued (3C) approach of all sections of stakeholders in the watershed through an interdisciplinary forum within an effective watershed management context.
With the realization of the limitations to top-down and bottom-up watershed management approaches in addressing issues associated with urbanization, a conceptual framework for a hybrid approach that tries to effectively integrate the advantages of the two approaches while overcoming their respective limitations, grass root watershed management model (GWAM), was presented in acompanion paper in this issue [1] . The hybrid approach consists of three crucial components: a common platform, a partnership among major groups of stakeholders, and a facilitation mechanism to conduct the watershed management at local level or grass-root level ( Figure 1 ). With effective integration of the governmental agencies and institutes at the top with the local residents and non-governmental organizations at the bottom, the hypothesis is that the hybrid approach can serve as a self-sustaining model in achieving effective management of urbanization Figure 1 . Conceptual self-sustaining GWAM model with common platform to convene, partnership among major stakeholder groups and effective facilitation of decision making towards sustainable watershed management [1] . Journal of Water Resource and Protection impacts. Despite the positive recognition, there is little or no real-world application on how the hybrid approach could potentially help addressing urbanization.
The GWAM model was implemented and verified at the Shawsheen River Watershed in Massachusetts, USA (Figure 2 ). The watershed has experienced intensive urban developments, causing deteriorations in physical and water quality conditions. Components of the GWAM model were implemented in the watershed to help with the management process, especially to help address the multidisciplinary problems that are common to urbanization processes. This paper presents the details of model implementation and also it presents the enhanced GWAM with lessons learnt from the field application. Also, the Shawsheen River was placed on the state of Massachusetts' list of impaired water bodies for pathogens, sediment and siltation, metals, turbidity, nutrients, organic enrichment and low dissolved oxygen, and other habitat alteration [3] .
Implementation of GWAM at Shawsheen

Urbanization Impacts
The urbanization process has caused substantial degradations in the hydrological [2] , ecological [4] , and biological [5] conditions in the Shawsheen River
Watershed. One of the common stressors, fully or partially contributing, to these impacts is excess stormwater [4] . Corresponding with the comprehensive impacts, solutions to mitigating the adverse impacts also require comprehensive measures that cross the several noted disciplines.
GWAM Setup
A GWAM framework [1] was implemented specifically to address urbanization impacts in the Shawsheen River Watershed. Key components to the GWAM framework include a permanent platform for all interested parties to commit and communicate, a stable partnership of key players to collaborate, and a continuous and dynamic facilitation mechanism that continue to address issues and to adopt to changes. Although the individual motivation for involvement varies among the members, the collective goal was protecting and restoring the Shawsheen watershed.
The Facilitation Mechanism: Quarterly Meetings
The major forum in facilitating the watershed management by SWT was the five-year plans. In both cases, steering committees were responsible for developing these plans.
Addressing Issues through GWAM
With major GWAM components in the Shawsheen watershed being identified, the GWAM processes that were employed for resolving land use change and urbanization related issues in the watershed is further explored in this section. As previously mentioned, the land use change in the Shawsheen watershed has caused deteriorations in hydrological, ecological and biological aspects. Therefore, the applications of the characteristics of GWAM model in addressing these three issues are discussed accordingly in the following subsections.
Addressing Flooding Issue
Urbanization and associated impacts resulted in frequent floods in Shawsheen River Watershed. In addition, a significant drought was observed during the summer of 1999, during which a few segments of the Shawsheen River primarily used for recreational activities almost dried out in this summer [7] . Other than the physical observations and experiences, SWT had no scientific evidences and support to bring the involvement of local decision makers and government agencies together to address the issue. SWT launched several efforts including a study to understand the impact of urbanization on hydrological balances in the watershed and to educate local officials and decision makers in order to integrate these understanding in practice [7] . SWT addressed the hydrological issues through 3C approach in a cyclic set of steps, problem identification, problem recognition, implementation planning and policy adoption, and problem solving and implementing actions, as presented in [1] .
A detailed hydrological balance investigation [2] revealed substantial reduction in watershed base flow and increase in surface runoff, especially in highly SWT also conducted further investigations [9] at the worst impacted subwatershed in the Shawsheen headwaters of Hanscom, where the base flow was reduced by fifty percent due to urbanization [2] . These investigations made HAFB, an active member and contributor of SWT, to develop a long-term stormwater management plan [10] to minimize the runoff generation and to maximize the groundwater recharge by following the planning principles adopted by SWT.
The Massachusetts Port (Massport) Authority, another SWT member, also begun to implement BMPs in Hanscom airport to minimize the adverse impacts of stormwater flow.
Addressing Aquatic Life and Habitat Issue
To effectively address the aquatic life and habitat issue and restore the impaired headwaters, SWT deemed that a watershed-wide approach was necessary bring the stakeholders together to make appropriate decisions related to this impairment. SWT addressed this issue through 3C approach in a cyclic set of steps, problem identification, problem recognition, implementation planning and policy adoption, and problem solving and implementing actions, as presented in
In the United States, the state governments must notify the federal govern- by SWT confirmed the existence of these impairments. The data analysis concluded that multiple stressors were involved in the impairment. However, there was not enough information to understand the relative contribution of each stressor and to link the sources and causes of the problem. The overall focus of SWT was to develop a restoration plan. The team recognized that developing a Total Maximum Daily Load (TMDL) was an appropriate avenue to address this issue. TMDL is a management or cleanup plan that sets a pollutant cap or ceiling. The cap is a formula that represents the maximum amount of a pollutant that a water body can receive and still meet the water quality standards. TMDL development in this case was a challenge as no conventional pollutants, such as sediment, bacteria, nutrient, or metals, which have the history in TMDL development, are directly associated with the impairment. Based on these challenges, a new approach [4] was introduced to use hydrology as an umbrella to address all stressors associated with main source, storm water, for aquatic life impairments in urban environment. As a result, a TMDL [12] was developed. SWT adopted the targets identified and set the goals of storm water management for the headwater subwatershed. The HAFB, which owns the two-third of the drainage area in the headwater subwatershed, decided to install best management practices.
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Addressing Bacteria Issue
Bacteria impairment and related issues have been felt and addressed by the state and local agencies [13] , [14] before the formation of SWT. Therefore, when SWT was formed, one of the initial goals of SWT was to reduce bacteria loading in the Shawsheen River and its tributaries to meet the Massachusetts Water Quality Standards and remove the listed sections of the Shawsheen from the 303 (d) list for bacteria impairments.
To effectively address the bacteria impairment throughout the watershed, SWT deemed that a watershed wide approach was necessary to bring the stakeholders together to make appropriate decisions and actions related to this issue.
SWT has launched several efforts, including data collection and analysis, TMDL development, planning restoration efforts, educating the local officials and decision makers, and integrating these understanding into practice [7] in a cyclic set of steps, problem identification, problem recognition, implementation planning and policy adoption, and problem solving and implementing actions, as presented in [1] .
Based on the data collected in 1995, the state of Massachusetts placed the Shawsheen River in its 303 (d) list of impaired waters under CWA [3] . As a result, the state was required to develop a TMDL, implement, and restore the Shawsheen from bacteria contamination. The 1995 monitoring results also have generated team's interest in further investigation, including a continuous monitoring during 1996-1999 [11] . It is important to note that SWT raised funds separately without using the annually allocated team's fund from the state government under MWI for the monitoring project [7] . The data collected gave the team a much more comprehensive view of water quality throughout the watershed. The data were also used to develop a Bacteria TMDL for the Shawsheen River [15] . As previously mentioned, TMDL sets a pollutant cap or ceiling that a water body can receive while still meeting the water quality standards. The
Shawsheen TMDL was set that the river and tributaries should approximately reduce the bacteria contamination by 90% [15] to meet the state's water quality standard. Although the team was motivated to eliminate the bacteria contamination, there was no clear direction or studies to guide the team in controlling bacteria sources in urban environment to meet the water quality standard. In order to assist the team, a scientific investigation [5] was conducted to understand the capability of bacteria control measures in meeting water quality standard. A few consistent dry weather contributions were also found to be potentially associated with sewer breaks/leaks. Catchbasins or stormwater inlets (to collect storm water from streets) with high sediment deposition were found to contribute high bacteria load to the river. Residential areas with signs of pet activities were also found to contribute high bacteria load to the river. Another source commonly found was urban wild life such as geese. On the other hand, the controlled sites, with a successful sewer leak/break detection and elimination program, pet waste management and education program, and proper pollution prevention such as T. Saravanapavan, E. Yamaji Journal of Water Resource and Protection frequent street sweeping and catch basin clean up, were found to contribute no bacteria loading during dry weather flows. In addition, the wet weather bacteria loads from the controlled sites were also substantially lower at one or two magnitudes lower in order. As a result of this study, SWT adopted sewer leak/break detection and elimination, proper catchbasin clean up and street sweeping, and pet waste management and education, all of which were adopted as the primary control actions to protect the Shawsheen River from bacteria contamination [7] .
Effectiveness of GWAM
Prior to formation of SWT, no governmental or non-governmental organization This is true regardless of whether they are concerned with enforcing regulation, complying with regulation, or caring for the watershed where they live. Nominal funding was an additional need to sustain GWAM unit. It is important to note that funding was raised not only through government agencies but also equally brought by the community and other local players. All of the mentioned scientific integration into GWAM can be made possible by injecting nominal funding to sustain it.
Conclusions and Recommendation
A hybrid GWAM is proposed for assisting decision-makers to improve watershed 
